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@ Eneigy-suppleinentlng saccharide source and its uses. 

® containing a step of allowing a ncivredudng saccharide-fbrming 

enzyme to act on a partial starch hydroiysate exhibiting a reducing power, is advanligeously used as an 
erwigy-supplemefrtng sacchar^ source and used in energy^pplementing composiHons as an 
etertve ingr^ienL The saccharide source and compositions can be suitably used as phannaceutical 
compositions for supplementing energy for living bodies without a ftar of causing side effe^ 
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The present invention relates to an energy-supplementing saccharide source and its uses, more particu- 
larly, to an energy-supplementing saccharide source essentially consisting of trehalose prepared by the meth- 
od containing a step of allowing a non-reducing saccharide-forming enzyme to act on a partial starch hydrol- 
ysate exhibiting a reducing power, and to an energy-supplementing composition containing said trehalose as 
an effective ingredient 

Saccharides, exhibiting a reducing power, such as glucose and fructose have been used for a long time 
as an energy-supplementing saccharide source. These saccharides, however, have a relatively-poor storage 
stability because of their reducing power, and. generally they become more unstable in the coexistence of other 
nutritives such as amino acids and vitamins. 

Therefore, establishment of an energy-supplementing saccharide source essentially consisting of a non- 
reducing saccharide such as xylitd. sort>itoI, maltitd. lactitol, sucrose or trehalose has been in great demand. 
Among these non-reducing saccharides, sugar alcohols of monosaccharides such as xylitol and sortjitol have 
a demerit of that they may cause a serious dian-hea when administered to the body with an erroneous dose 
and route. Sugar alcohols of disaccharides such as maltitd and lactitol. as disclosed in Japanese Patent Pub- 
lication Nos. 13,699/72 and 42.506/72. are not readily metabolized and utilized by living bodies, and actually 
have been used as a sweetener for diet Thus, these disaccharides are not satisfactory as an energy-supple- 
menting saccharide source. Sucrose has a demerit of that it is readily hydrolyzed into reducing glucose and 
fructose under acid conditions, followed by resulting in exhibition of a poor storage stability. As evident from 
the descriptions of Trehalose is low caloric because it Is not substantially assimilated and utilized by the body." 
and Trehalose is not substantially hydrolyzed by amylases, etc.". as disclosed in Japanese Patent Laid-Open 
No.240,758/88, trehalose has been recognized as a saccharide source which does not act as an energy source 
in vivo. 

It has been in great demand to establish an eneigy-supplenr>enting saccharide source which is readily pre- 
pared in an industrial scale and does not substantially exhibit a reducing power but has a satisfiable storage 
stability and an extensive applicability, and to an energy-supplement composition containing such an energy- 
supplementing saccharide source as an effective ingredient 

The present inventore have studied energy-supplementing saccharide sources which are readily prepared 
in an industrial scale. More particularly, we eagerly studied a non-reducing and stable disaccharide, i.e. tre- 
halose; as well as its related substances. As a result, we found that trehalose (O-a-D-glucopyranosyl a-D-glu- 
copyranoside or a.a-trehalose). prepared by a novel biochemical technique as disclosed in Japanese Patent 
Application Nos.362,131/92 and 265,416/93. both of which were applied by the present inventors, is readily 
metabolized in vivo and utilized by living bodies as an energy source. We also found that such a biochemical 
technique is a method which facilitates an industrial-scale preparation of trehalose, said method containing a 
step of allowing a non-reducing saccharide-forming enzyme to act on a partial starch hydrolysate exhibiting a 
reducing power (the wording "a partial starch hydrolysate exhibiting a reducing power" is designated as "a re- 
ducing partial starch hydrolysate" hereinafter). We further found that the trehalose prepared by the biochemical 
technique is an absolutely novel energy-supplementing saccharide source with an extensive applicability be- 
cause of its non-reducing property, and established an energy-supplementing composition containing said tre- 
halose as an effective ingredient The energy-supplementing composition according to the present invention 
can be art)itrary used in combination with other nutritives and/or medicaments, and formed into multiple nu- 
tritive compositions and pharmaceutical compositions with an improved therapeutic eff icacy because treha- 
lose incorporated therein has a satisfactorily- high storage stability and does not substantially exhibit a reducing 
power. 

The present invention will now be described in further detail by way of example only, with reference to the 
accompanying drawings, in which: 

FIG.1 shows the time course of blood-sugar level of human administered orally with trehalose or glucose. 

FIG.2 shows the time course of insulin level of human administered orally with trehalose or glucose. 

FIG.3 shows the time course of blood-sugar level of rabbit received with a rapid parenteral administration 
of trehalose or glucose. 

FIG.4 shows the time course of insulin level of rabbit received with a rapid parenteral administration of 
trehalose or glucose. 

FIG.5 shows the time course of blood-sugar level of rabbit received with a slow parenteral administration 
of trehalose or glucose. 

FIG.6 shows the time courae of insulin level of rabbit received with a slow parenteral administration of tre- 
halose or glucose. 

In all the figures, the solid lines mean the dynamics of trehalose, and the dashed lines mean those of glu- 
cose. 

The present Invention relates to an energy-supplementing saccharide source and its uses, more particu- 
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larly. to an energy-supplementing saccharide source essentially consisting of trehalose prepared by the meth- 
od contatning a step of allowing a non-reducing saccharide-forming enzyme to act on a partial starch hydrd- 
ysate exhibiting a reducing power, and to an energy-supplementing composition contatning said trehalose as 
an effective ingredient 

The present energy-supplementing saccharide source essentially consisting of trehalose prepared by the 
method containing a step of allowing a non-reducing saccharide-fonming enzyme to ad on a reducing partial 
stanch hydrolysate, and the present energy-supplementing composition containing said trehalose as an effec- 
tive ingredient have never been reported. 

The energy-supplementing saccharide source according to the present invention includes those which 
contain trehalose to the highest possible level, and, generally those in the form of syrup and powder with a 
trehalose content of 50 w/w % or higher, on a dry solid basis (the wordings V/w %• and "on a dry solid basis- 
are respectively abbreviated as •%• and "d-s-b." in the specification, if specified otherwise), preferably, those 
in the fonm of syrup and crystalline powder with a trehalose content of 80% or higher, d.s.b.. more preferably, 
those in the fbnm of crystalline powder and crystal with a trehalose content of 90% or higher, d.s.b. 

Any preparation of trehalose can be used in the invention as long as it contains a step of allowing a non- 
reducing saccharide-fbrming enzyme to act on a reducing partial starch hydrolysate. for example, preparations, 
as disclosed in Japanese Patent Application Nos. 362.1 31/92 and 265.416/93. wherein trehalose is prepared 
by allowing a non-reducing saccharide-fonming enzyme to act on a reducing partial starch hydrolysate having 
a glucose polymerization degree of 3 or higher, are suitably and advantageously employed in the Invention be- 
cause they attain an Industrial-scale preparation of trehalose. 

The saccharide solutions prepared by the aforementioned preparations usually contain about 20-80% tre- 
halose. d.s.b.. together with nedudng saccharides such as glucose, maltose and maltotriose. eta 

The saccharide solutions were in usual manner prepared into syrupy products by removing impurities in 
the solutions on gel filtration and centrifugation, purifying the resultant solutions by successive decoloration 
with activated charcoal and desalting with ion exchangers in H- and OH-form. and ooncentraHng the resultant 
purified solutions. The syrupy products can be dried into powdery products. If necessary, products containing 
trehalose with the highest possible purity can be readily prepared by two or more combination use of purifi- 
cations, for example, column chromatographic fractionations such as ion-exchange column chromatography 
and column chromatography using activated charcoal or silica gel; fractionation using organic solvents such 
as alcohols or acetone; separation using membranes having an adequate separability; and other methods to 
decompose and remove the remaining reducing saccharides by alkali-treatment or femientation using yeasts. 

More particularly. Ion-exchange column chromatography Is suitably used in the present invention as an 
industrial-scale preparatton of trehalose with the highest possible purity, for example, the trehalose content 
in material trehalose solutions can be readily improved by removing impurities in the solutions on column chro- 
matography using strong addle cation exchange resins as disdosed in Japanese Patent Laid-Open 
Nos.23,799/83 and 72.598/83. As the column chromatography, those of fbced bed-, moving bed- and pseudo- 
moving-methods can be arbitrarily used. 

Any energy-supplementing composition can be used in the present invention as long as it contains as an 
effective ingredient trehalose and can supplement energy to living bodies, said trehalose being prepared by 
a method containing a step of allowing a non-redudng saccharide-forming enzyme to act on a redudng partial 
starch hydrolysate. In general, in order to attain a more satisf iable effect, trehalose Is Incorporated In the com- 
position in an amount of 10% or higher, preferably, 20% or higher, d.s.b. 

The present energy-supplementing composition indudes those which contein trehalose alone or In com- 
bination with one or nrwe edible substences and other substences admlnistraWe to living bodies, for example, 
medicaments such as proteins, amino acids, lipids, saccharides excluding trehalose, vitamins, minerals, ant^ 
septics, enzymes, hormones and cytokines. If necessary, one or more other appropriate substences such as 
a taste-imparting agent coloring agent, flavor-imparting agent, stebillzer. filler and exdpient can be arbitrarily 
incorporated. The compositfons thus obteined can be formed Into an appropriate form. 

The compositions can be orally and parenterally administered to living bodies and favorably metabolized 
and utilized In vivo as an energy-supplementing substence without a fear of causing toxidty and skle effects. 

The dose of the present energy-supplementing saccharide source can be appropriately chosen from a 
dose in the range of about 1-1,000 g/day/adult, preferably, In the range of about 5-500 g/day/adult of trehalose 
d.s.b. * 

The present energy-supplementing saccharide source and composition containing the same can be favor- 
ably administered to human, domestic animals such as cow and horse, and pet animals such as dog and cat, 
ete. 

The following experiments explain the present invention in detail: 
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Experiment 1 
Preparatfon of trehalose 
Experiment 1-1 

Preparation of non-reducing saccharide-fonming enzyme. 

In accordance with the method as disclosed in Japanese Patent Application No.362,131/92. a seed culture 
of Rhizobium sp. M-11 (PERM BP-4130) was inoculated in a nutrient culture medium containing carbon sourc- 
es, nitrogen sources and minerals, and Incubated at 27^C for 36 hours under aeration-agitation conditions. Af- 
ter completion of the culture, the resultant culture was subjected to membrane filtration using an SF-membrane 
to remove cells to obtain an about 18 L filtrate which was then concentrated with a UF-membrane to obtain 
about one L of a solution having an activity of 17.7 units/ml of a non-reducing saccharide-forming enzyme. 

Experiment 1-2 

Preparation of hydrous crystalline trehalose 

Forty parts by weight of "PINE-DEX #4", a reducing partial starch hydrolysate commercialized by Matsu- 
tani Chemical Ind.. Co., Ltd., Kyoto. Japan, was dissolved by heating in 60 parts by weight of water, and the 
resultant solution was heated to 45'C. adjusted to pH 6.5. mixed with one unit/g reducing partial starch hy- 
drolysate of a non-redudng saccharide-forming enzyme prepared by the method in Experiment 1-1, and incu- 
bated for 96 hours, followed by heating the resultant mixture at 100*'C for 10 min to inactivate the remaining 
enzyme. The solution thus obtained was diluted to give a concentration of about 20%, d.s.b.. mixed with 10 
units/g reducing partial starch hydrolysate of "GLUCOZYME", a glucoamylase spedmen commercialized by 
Nagase Biochemicals. Ltd., Kyoto. Japan, and incubated for 40 hours, followed by heating the resultant mixture 
to inactivate the remaining enzyme. TTie solution thus obtained was in usual manner decolored with adhrated 
charcoal, desalted with ion-exchange resins, and concentrated into an about 60% solution containing 29.5% 
trehalose. d.s.b. The concentrated solution was fed to a jacketed-stainless steel column packed with "CG 6000, 
Na-form", a strong acidic cation exchange resin commercialized by Japan Organo. Co.. Ltd., Tokyo, Japan, 
and fractionated at 60X and SV (space velocity) 0.4, followed by recovering a high trehalose content fraction 
containing about 90% trehalose, d.s.b. The fraction was concentrated into an about 75% solutfon, d.s.b., which 
was then transferred to a crystallizer, mbced with an about 2% hydrous crystalline trehalose as a seed crystal, 
heated to 50*»C, gradually cooled to 25X under gentle stirring condittons, and separated by a basket-type cen^ 
trif uge. The resultant crystals were washed by spraying with a small amount of water to obtain a high-purity 
hydrous crystalline trehalose with a purity of 99% or higher. d.s.b. 

Experiment 1-3 

Preparatton of crystalline trehalose powder 

Amassecuite with acrystalllnity of about45% was prepared by the method in Experiment 1-2, and sprayed 
from a nozzle equipped on the top of a drying tower at a pressure of 150kg/cn>2. In the spraying step, the con- 
tents were blown with 85*C hot air from the upper part of the drying tower, and the resultant crystalline powder 
was collected on a wire netting conveyer provkJed in the basement of the drying tower, and recovered while 
btowing with 45**C hot air sending from through under the wire netting conveyer and gradually conveying from 
the drying tower. The resultant crystalline powder was Injected to an ageing tower and aged for 10 hours while 
btowing with hot air to complete the crystallization and drying, followed by recovering the resultant crystalline 
trehalose powder. 

Example 1-4 

Preparatton of anhydrous crystalline trehalose powder 

The syrup containing trehalose, obtained in the process of Experiment 1-2, was prepared into an about 
60% solution which was then subjected to column chromatography using a strong acidto catton exchange resin 
in accordance with the method in Experiment 1-2 to recover a high trehalose content fraction containing about 
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95% trehalose. d.s.b. In accordance with the method in Japanese Patent Application No.265,416/93, the frac- 
tion was placed in a vessel and kx>iled up in vacuo into a syrup with a moisture content of atxxit 4.0% which 
was then transferred to a crystal! izer. mixed with one % anhydrous crystalline trehalose as a seed crystal to 
the syrup, d.s.b.. followed by crystallizing trehalose at 95°C for 5 min under stirring conditions. The resultant 
was transferred to an aluminum container and aged at lOO^C for 6 hours to form block which was then puh^- 
erized by a cutter and dried by a fluidized-bed dryer to obtain an anhydrous crystalline trehalose powder with 
a moisture content of about 0.3%. 

Experiment 2 

Digestion test in vitro 

By using a trehalose solution of a high-purity hydrous crystalline trehalose prepared by the method in Ex- 
periment 1-2, a digestion test of trehalose was carried out in vOro in accordance with the method as reported 
by K. Okada et al. in JOURNAL OF JAPANESE SOCIETY OF NUTRITION AND FOOD SCIENCE, Vol.43. No.1 , 
pp.23-29 (1990). The digestibility of trehalose was evaluated based on the decomposition rate (%) calculated 
by the following equation: 

Decomposition rate (%) = Reducing sugar 

Total sugar 

The results were tabulated in Table 1. 

Table 1 



Enzyme 


Decompositton rate (%) 


Salivary amylase 


0.0 


Gastric acid 


0.0 


Pancreatic amylase 


0.0 


Enzyme derived from rat small intestinal mucous membrane 


1.3 



As evident from the results in Table 1, trehalose was not substantially hydrolyzed by the enzyme derived 
from rat small intestinal mucous membrane. By using the rat enzyme, disaccharides were tested for their di- 
gestibility similarly as above. 

The results were tabulated in Table 2. 

Table 2 



DIsaccharide 


Decomposition rate (%) 


Maltose 


80.1 


Sucrose 


25.1 


Isomaltose 


13.2 


Lactose 


9:7 


Cellobtose 


1.2 


Trehalose 


1.3 



55 



As evident from the results in Table 2. trehalose was by far less hydrolyzed by the rat enzyme than maltose. 
Experiment 3 

Utilization test in vivo by oral administration 

in accordance with the method reported by H. Atsuji et al. in Journal of Clinical Nutrition, Vol.41, rsto.2. 
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pp.200-208 (1972). 30g of a hydrous crystalline trehalose prepared by the method in Experiment 1-2 was dis- 
solved in water into a 20 w/v % aqueous trehalose solution, and prescrit>ed amounts of which were orally ad- 
ministered to 6 male volunteers, 26-31 -year-old. The volunteers were let blood at a prescribed time interval, 
and each Wood sample was measured its blood sugar level, i.e. glucose concentration (mg/dl) and insulin level 
(jiU/ml). As a control, glucose was used. The results of both levels were the mean values of 6 volunteers. FIGs.1 
and 2 show the time courses of blood sugar- and insulin-levels, respectively. In the figures, the solid- and dash- 
ed-lines mean the time courses of trehalose and insulin, respectively. 

As evident from the results in FIGs.1 and 2. although the dynamics of the rabbits administered with tre- 
halose tended to show a time lag against those of the rabbits with glucose, the rabbits with trehalose showed 
the similar dynamics as those with glucose, namely trehalose induced the maxima of blood sugar- and Insulin- 
levels at about 30-45 min after the administration. Unlike the results of digestion test in vivo in Experiment 2, 
the results In this Experiment revealed that trehalose is readily assimilated, metabolized and utilized by living 
bodies as an ene^y source when orally administered. 

Experiment 4 

Utilization test in vivo by parenteral administration 
Experiment 4-1 



Rapid administration 

A hydrous crystalline trehalose prepared by the method in Experiment 1 -2 was dissolved in a refined water, 
and the resultant solution was membrane filtered, concentrated and recrystallized to obtain a pyiogen-free 
hydrous crystalline trehalose. The crystal thus obtained was dissolved in injectable distiUed water into a 10 
w^ % solution isotonic to rabbit blood as a trehalose infusion. By using 6 rabbits, about 2-3kg weight, the in- 
fusion was rapidly administered to their ear veins at a dose of one g/kg body weight within 1.5 min, followed 
by collecting their blood at a prescribed time interval, and subjecting the collected blood samples to the meas- 
urements of their sugar levels (glucose concentration (mg/dl)) and insulin levels (jiU/ml). As a control, 5 w/v 
% glucose solution Isotonic to rabbit blood was similarly administered to rabbit veins at a dose of 0.5g/kg body 
weight Each result was expressed by the mean value of the 6 rabbits, and the time courses of the Wood sugar- 
and insulin-levels of the rabbits were respectively shown in FIGs.3 and 4. In the figures, the solkl- and dashed- 
lines mean the tinr>e courses of trehalose and insulin in rabbit blood, respectively. 

As evident from the results In FIGs.3 and 4, both the dynamics of Wood sugar- and insulin-levels of the 
rabWts administered with trehalose tended to show a time lag against those of the rabbits with glucose, namely 
the maxima were found about 5-30 min after their ad min ist rattans. These results revealed that when trehalose 
is parenterally administered rapklly it is readily hydrolyzed into glucose in vivo, metabolized and utilized by 
living bodies as an energy source. The amounts of saccharides in urine secreted by the rabbits were monitored 
from the initiation of the administrattons to 6 hours after the administrations, and the results revealed that the 
amount of trehalose secreted in rabbit urine was absolutely low similarly as in the case of glucose i e the 
amount was lower than 1 0% of the administered trehalose, d.s.b. 

Experiment 4-2 



Slowadministratton 



A trehalose inf uston prepared by the method in Experiment 4-1 was administered to 6 rabbits, about 2- 
3kg weight, and collected their blood at a prescribed time interval, and the collected Wood samples were meas- 
ured their Wood-sugar levels (glucose concentration (mg/dl)) and insulin levels OiU/ml) similarly as the method 
in Experiment 4-1 except that the inf uston was slowly administered to the rabbit ear veins over a period of 1 .5 
hours. Each result was expressed by the mean value of the 6 rabbits, and the time courses of the bk>od sugar- 
and Insulin-levels of the rabbits were respectively shown in FIGs.5 and 6. 

As evident from the results in FIGs.5 and 6. although the dynamics of Wood-sugar level of the rabbits ad- 
ministered with trehalose tended to show a time lag against those of the rabbits with glucose, both the dynamics 
were substantially the same, and the-dynamics of insulin level of the rabbits with trehalose were substantially 
the same as those with glucose. These results revealed that when trehalose is parenterally administered slowly 
to living bodies, it is readily hydrolyzed into glucose in vivo, metabolized and utilized by the living bodies as 
an energy source. The amounts of saccharides secreted in the rabbit urine were monitored from the initiation 
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of the administrations to 6 hours afterthe administrations, and the results revealed thatthe amount of trehalose 
secreted In each urine was absolutely low similarly as in the case of glucose, i.e. the amount was lower than 
10% of the administered trehalose, d.s.b. 

5 Experiment 5 

Acute toxicity test 

By using mice, trehalose was tested for its acute toxicity by orally administering it to the mice a hydrous 
10 crystalline trehalose prepared by the method in Experiment 1-2. As a result, it was revealed that trehalose is 
a substence having a relatively-low toxicity, and no mouse died even when administered with the highest pos- 
* sible dose. Based on the result, the LD50 was 50g/kg or higher, though the value was not so accurate. 

The following examples explain the present energy-supplementing composition containing trehalose as 
an effective ingredient 

15 

Example 1 
Chocolate 

20 Forty parts by weight of cacao paste. 1 0 parts by weight of cacao butter, and 50 parts by weight of a hy- 
drous crystalline trehalose prepared by the method in Experiment 1-2 were mbced, and the resultant mixture 
was passed through a refiner to reduce the particle size, transferred to a conche. and kneaded at 50°C for 2 
days. During this kneading step, 0.5 parts by weight of lecithin was added to the contents, and the resultant 
mixture was suff toiently kneaded. Thereafter, the mbcture was kept at SI^'C by a thermoregulator. poured into 

25 a nrx>ld before the solidification of cacao butter, deaerated with a vibrator, and solidified while passing through 
. a cooling tunnel at 1 0^'C for 20 min. The solkJif led contents were removed from the mold and packaged to obtain 
the desired product 

The product substantially free of hygroscopidty has a satisf iable color, gloss and texture, and mildly melts 
in the mouth to exert a high-quality sweetness and flavor, and these render it arbitrarily useful as an energy- 
30 supplementing composition. 

Example 2 

Chewing gum 

35 . 

Three parts by weight of a gum base was melted by heating until it softened, mixed with 4 parts by weight 
of sucrose and 3 parts by weight of a crystalline trehaksse powder prepared by the method in Experiment 1- 
3. and further mixed with adequate amounts of a flavor and a coloring agent The resultant mbcture was in usual 
manner kneaded by a roll, formed and packaged to obtain the desn-ed product 
40 The product, a chewing gum with a satisf iable texture and flavor, can be arbitrarily used as an energy- 
supplementing composition. 

Examples 

45 Hard candy 

One hundred parts by weight of a 55% sucrose solution was mixed while heating with 30 parts by weight 
of a high trehalose content solutk)n prepared by the method in Experiment 1-4, and the resultant mbcture was 
concentrated in vacuo under heating condittons up to give a moisture content of lower than 2%. The concen- 
so trate was admbced with one part by weight of citric acM and adequate amounts of a lemon flavor and a coloring 
agent, and the mbcture was formed in usual manner to obtain the desired product 

The product, wherein the crystallization of sucrose is well inhibited, is a high-quality hard candy having a 
satisf iable taste and biting property, and suitably used as an energy-supplementing composition. 

55 
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Example 4 
Custard cream 

One hundred parts by weight of corn starch. 100 parts by weight of a trehalose syrup containing 70% of 
a crystalline trehalose powder, d.s.b.. prepared by the method in Experiment 1-3. 80 parts by weight of maltose. 
20 parts by weight of sucrose, and one part by weight of salt were sufficiently kneaded, and the mixture was 
further admixed with 280 parts by weight of fresh egg while stirring, and gradually mixed with 1.000 parts by 
weight of a boiling milk. The resultant mbrture was continued storing while heating, and the heating was sus- 
pended when the whole contents became semitransparent, followed by cooling the resultant and adding there- 
to an adequate anKKjnt of a vanilla flavor. The product was weighed, injected into a container and packaged 
to obtain the desired product 

The product has a snK)oth surface and a mild sweetness and taste, and these render it arbitrarily useful 
as an eneiigy-supplementing composttton. 

Example 5 

Uinhno-moto (premix of uiro) 

A uiro^o-moto was prepared by sufficiently mixing 90 parts by weight of rice powder with 20 parts by 
weight of corn starch. 120 parts by weight of a crystalline trehalose powder prepared by the method in Ex- 
periment 1-3, and 4 parts by weight of pullulan. The product was kneaded with adequate amounts of matcha 
(powdered green tea) and water, and the mixture was placed in a container and steamed up for 60 min to obtain 
a matcha-uiro. 

The product has a satlsf lable gloss, biting property and flavor. The retrogradation of starch in the product 
is well inhibited, and this attains a satisf iable shelf-life. The product can be arbitrarily used as an energy-sup- 
plementing composition. 

Example 6 

Lactic acid t)everage 

Ten parts by weight of defatted milk was sterilized by heating at 80**C for 20 min, cooled to 40*»C, mUed 
with 0.3 parts by weight of a starter, and fermented at about 37"C for 10 hours. Thereafter, the mixture was 
homogenized and mixed with 4 parts by weight of a crystalline trehalose powder prepared by the method in 
Experiment 1-3. one part by we'yht of sucrose, and 2 parts by weight of isomerized syrup, and the resultant 
mbrture was sterilized by heating at 70*0. The product thus obtained was cooled, mixed with an adequate 
amount of a flavor, and bottled to obtain the desired product 

The product, a high-quality lactic add beverage with a well harmonized flavor and sweetness, can be ar- 
bitrarily used as an energy-supplementing composition. 

Example 7 

I- 

Powdered Juice 

Thirty-three parts by weight of a powdered orange juice prepared by spray-drying was mwed to homoge- 
neity while stining with 50 parts by weight of a hydrous crystalline trehalose powder prepared by the method 
in Experiment 1-2, 10 parts by weight of sucrose. 0.65 parts by weight of anhydrous citric acid, 0.1 part by 
weight of malate, 0.1 part by weight of L-ascort)k: add. 0.1 part by weight of sodium dtrate. 0.5 parts by weight 
of pullulan. and an adequate anrK>unt of a powdered flavor. The mixture was pulverized, fed to a f luidized-bed 
granulator wherein the exhaust temperature and flow rate were respecth^ely adjusted to 40*C and 150m3/min, 
sprayed with a high trehalose content solution, as a binder, prepared with a convnercially available trehalose.* 
and granulated for 30 min. The resultant granules In powder were weighed and packaged to obtain the desired 
product 

The product, a 30% powdered juice, d.s.b., is stable for a relath/ely-long period of Hme without gwing an 
unfavorable taste and smell and causing sdidif ication by absorbing moisture. Thus, the product can be arbi- 
trarily used as an energy-supplementing composition. 
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Example 8 
Powdered egg yolk 

Egg ydks prepared from fresh eggs were sterilized by a plate heater at 60-64**C, and one part by weight 
of the resultant liquid was mixed with 4 parts by weight of an anhydrous crystalline trehalose prepared by the 
method in Experiment 1-4. The resultant mixture was placed in a container and allowed to stand overnight to 
form a block while allowing trehalose to convert into hydrous crystalline trehatose. The block was pulverized 
by a cutter to obtain a powdered egg yolk. 

The product can be arbitrarily used as a material for confectfoneries such as a premix. ice cream and candy, 
and emulsif ier, as well as an energy-supplementing compositfon for oral and intubatton feedings. 

Example 9 

Solid preparation for intubation feeding 

A composition consisting of the following compositions was prepared: Five hundred parts by weight of hy- 
drous crystalline trehalose prepared by the method in Experiment 1-2. 270 parts by weight of powdered egg 
yolk, 209 parts by weight of defatted milk. 4.4 parts by weight of sodium chloride, 1.8 parts by weight of po- 
tassium chloride. 4 parts by weight of magnesium sulfate. 0.01 part by weight of thiamine. 0.1 part by weight 
of sodium ascorbate. 0.6 parts by weight of vitamin E acetate, and 0.04 parts by weight of nicotinamide. Twenty- 
five g aliquots of the compositfon were injected into moisture-proof laminated small bags and heat sealed to 
obtain the desired product 

One bag of the product is dissoh^ed in about 150-300ml of water into a fluid food, and orally administered 
or parenterally administered to nasal cavity, stomach and intestines by intubatfon feeding as an energy-sup- 
plementing composition. 

Example 10 

Hyperalinrtentation 

A hydrous crystalline trehalose powder, prepared by the method in Experiment 1-2, was dissoh/ed in water 
into an about 10 w/v % aqueous trehalose solution whfch was then in usual manner membrane filtered to re- 
move pyrogen, aseptically injected into a plastic bottle, and sealed to obtain the desired product 

The product, a satisfactorily stable hyperalimentation substantially free of change on standing, is suitable 
for intravenous- and intraperitoneal-administrations. A 10 w/v % solution of the product is Isotonic to blood, 
and this means it supplements energy to living bodies at 2-fold higher concentratton than in the case of glucose! 

Example 11 
Hyperalimentatfon 

^ A hydrous crystalline trehalose, prepared by the method in Experiment 1-2, and an amino acid composition 
consfeting of the following components were dissoh/ed by stirring in water to give 5 w/v % and 30 w/v %, re- 
spectively, and, similarly as in Example 10 the resultant sdutfon was purified into a pyrogen-free solution 
which was then injected into a plastic bottle and sealed to obtain the desired product 
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Components of amino acid composition 


Component 


mg/iOOml 


L-lsoleuclne 


180 


L-Leudne 


410 


L-Lysine monohydrochloride 


620 


L-Methlonine 


240 


L-Phenyl alanine 


290 


L-Threonine 


180 


L- Tryptophane 


60 


L-Va)ine 


200 


L'Arginine hydrochloride 


270 


L-Histidine monohydrochloride 


130 


Glycine 


340 



Although the product is a multiple hyperalimentation of trehalose and amino acids, it is satisfactorily stable 
25 without sul>stantial change on standing and can be suitakHy administered intravenously and intraperitoneaDy 
to living txxJies. The product can be favoral>ly used as an energy-supplementing composition to supplement 
energy as well as amino acids. 

Example 12 

30 

Traumatic ointnrient 

Five hundred parts by weight of a crystalline trehalose powder, prepared by the method in Experiment 1- 
3. was admixed with 50 parts by weight of methanol solution containing 3 parts by weight of iodine, and the 
35 resultant solution was mixed with 200 parts by weight of a 1 0 w/v % aqueous pullulan solution to obtain a trau- 
matic ointment having a satisf iable extensibility and adhesiveness. 

The iodine contained in the product exerts a bactericidal activity, and the trehalose in the product acts as 
an energy-supplementing saccharide source on viable cells, and because of these the product shortens a heal- 
ing period and satisfactorily heals a wound surface. 

40 

Example 13 
Sugar coated tablet 

45 A crude tablet, 150mg weight, as a core, was coated until It weighed about 230mg, d.s.b., with a solution 
consisting of 40 parts by weight of a hydrous crystalline trehalose prepared by the method in Experiment 1- 
2, 2 parts by weight of pullulan having an average molecular weight of 200,000. 30 parts by weight of water, 
25 parts by weight of talc, and 3 parts by weight of titanium oxide. The resultant tablet was further coated with 
65 parts by weight of a fresh preparation of the same hydrous crystalline trehalose, one part by weight of pul- 

so lulan. and 34 parts by weight of water. The tablet thus obtained was glossed with a wax solution to obtain the 
desired product with a satisf iable appearance. 

The product, which is readily preparable by the above-mentioned coating step, has a relatively-high shock- 
tolerance, and retains its high quality for a relatively-long period of time. Thus, it can be suitably used as an 
energy-supplementing composition. 

55 As evident from above, the present energy-supplementing saccharide source essentially consisting of tre- 
halose, prepared by the method containing a step of allowing a non-reducing saccharide-fonfning enzyme to 
act on a reducing partial starch hydrolysate. has a satisf iable stability without substantially exhibiting a reduc- 
ing power, as well as possessing a character of being readily metabolized in vivo and utilized by living bodies 
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as an energy source. Furthennore, the present energy-supplementing composition, containing as an effective 
ingredient trehalose prepared from reducing partial starch hydrolysates by a novel biochemical technique, has 
a character that it can be readily prepared into more satisf iable multiple nutritive compositions in combination 
with other nutritives and medicaments, as well as into phannaceutical compositions with an increased thera- 
peutic efficacy. 

While there has been described what is at present considered to be the preferred embodiments of the in- 
vention, it will be understood the various modifications may be made therein, and it is intended to cover in the 
appended daims all such modifications as fall within the true spirits and scope of the invention. 



Claims 

1. In an energy-supplementing saccharide source essentially consisting of a saccharide(s) as an effective 
ingredient, the improvement wherein said saccharide is trehalose prepared by the method containing a 
step of allowing a non-reducing saccharide-forming enzyme to act on a partial starch hydrolysate exhib- 
iting a reducing power. 

2. The energy-supplementing saccharide source according to daim 1, wherein said partial starch hydroly- 
sate has a glucose polymerization degree of 3 or higher. 

3. The energy-supplementing saccharide source according to daim 1 , wherein said trehalose is preparable 
^^ 

allowing a non-redudng saccharide-fonming enzyme to ad on a sdution of a partial starch hydrol- 
ysate exhibiting a redudng power to form trehalose; and 

feeding the resultant saccharide sdution to column chromatography using a strong addic cation 
exchange resin to increase the purity of trehalose. 

4. The energy-supplementing saccharide source according to daim 3, wherein said saccharide sdution con- 
tains 20-80 wAw % trehalose, on a dry solid basis. 

5. The energy-supplementing saccharide source according to claim 1 . which is dlreded to an oral or parent- • 
eral administration. 

6. The energy-supplement saccharide source of claim 1. which contains at lest 50 w/w % trehalose, on a 
dry sdid basis. 

7. In an energy-supplementing composition containing a saccharide as an effective ingredient, the improve- 
ment wherein said saccharide is trehalose prepared by the method containing a step of aDowing a non- 
redudng saccharide-fonming enzyme to act on a partial starch hydrdysate exhibiting a redudng power. 

8. The energy-supplementing composition according to daim 7, wherein said partial starch hydrolysate has 
a glucose polymerization degree of 3 or higher. 

9. The energy-supplementing composition according to daim 7, wherein said trehalose is preparable by: 

allowing a non-reducing saccharide-forming enzyme to act on a solution of a partial starch hydrd- 
ysate exhibiting a redudng power to form trehalose; and 

feeding the resultant saccharide sdution to cdumn chriwnatography using a strong addic cation 
exchange resin to Increase the purity of trehalose. 

10. The energy-supplementing composition according to daim 7. which contains at least 1 0 w/w % trehalose, 
on a dry sdid basis. 

11. The energy-supplementing composition according to daim 7. which is directed to an oral or parenteral 
administration. 
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[FIG.l] 
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[FIG. 2] 
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[FIG. 3] 
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[FIG. 4] 
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[FIG*6] 
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